We examined the feasibility of performing repeated bronchoalveolar lavage (BAL) on guineapigs. We also determined the influence of lavage volume on cell recovery in these animals, verified if the free cell populations were altered by repeated lavage, and compared the results with those obtained after euthanasia. Live animals were intubated orotracheally by direct vision laryngoscopy and lavaged, except for the last BAL which was done on isolated lungs after euthanasia. Each animal was lavaged weekly for 8 weeks: weeks 1-5 lavages were done with 5 aliquots of 2 ml of normal saline, week 6 with 3 aliquots of 1 ml, week 7 with 3 aliquots of 2 ml, and week 8 with 5 aliquots of 2 ml after euthanasia. The first 5 BAL gave similar results in volumes recovered, total number of cells, cell viability and differentials. The total cell yield of lavages 6 and 7 was less than that of the first 5 BAL and BAL 8; cell differentials with these smaller lavages were similar except for the percentage of neutrophils which was slightly higher than with the 10 mllavage at week 3. The final lavage gave similar results as the first 5 BAL in terms of total cells recovered, cell viability, and differentials. We conclude that repeated BAL is feasible in live guinea pigs, and that it gives a similar cells yield as lung lavage obtained after euthanasia.
Summary
We examined the feasibility of performing repeated bronchoalveolar lavage (BAL) on guineapigs. We also determined the influence of lavage volume on cell recovery in these animals, verified if the free cell populations were altered by repeated lavage, and compared the results with those obtained after euthanasia. Live animals were intubated orotracheally by direct vision laryngoscopy and lavaged, except for the last BAL which was done on isolated lungs after euthanasia. Each animal was lavaged weekly for 8 weeks: weeks 1-5 lavages were done with 5 aliquots of 2 ml of normal saline, week 6 with 3 aliquots of 1 ml, week 7 with 3 aliquots of 2 ml, and week 8 with 5 aliquots of 2 ml after euthanasia. The first 5 BAL gave similar results in volumes recovered, total number of cells, cell viability and differentials. The total cell yield of lavages 6 and 7 was less than that of the first 5 BAL and BAL 8; cell differentials with these smaller lavages were similar except for the percentage of neutrophils which was slightly higher than with the 10 mllavage at week 3. The final lavage gave similar results as the first 5 BAL in terms of total cells recovered, cell viability, and differentials. We conclude that repeated BAL is feasible in live guinea pigs, and that it gives a similar cells yield as lung lavage obtained after euthanasia.
The guineapig is a widely used laboratory animal; recently it has been used extensively in studies of bronchoalveolar cells. To obtain these cells, the animal is usually killed and then the lungs are lavaged (MaxwelI et 01., 1964; Gorenberg & Daniele, 1976; Moolenbeek, 1982; Sirois & Cadieux, 1986; Bachelet et 01., 1988; Dunn et 01., 1988; Henricks et 01.,1988) . Differences between cells obtained by lavage from living and dead animals are unknown. Repeated use of the same animal to obtain bronchoalveolar cells by bronchoalveolar lavage (BAL) has not, to our knowledge, been described in guineapigs. Repeated BAL has, however, been successfully performed in other animals including rabbits (Marsh et 01., 1985) , dogs (Pinsker et al., 1980; Carre et 01., 1985) , monkeys (Kazmierowski et 01., 1977; KastelIo et 01., 1979 ), sheep (Chanana et 01., 1981 Begin et 01., 1985) , ponies (Dersken et 01., 1987) and calves (Bielefeldt Ohmann & Babiuk, 1986) . The purposes of this study were to evaluate the feasibility of repeatedly obtaining bronchoalveolar cells by BAL in guineapigs, to quantify the effect of different lavage volumes on cell yield, and to compare our method with the killing technique commonly used to obtain bronchoalveolar cells from these animals. Total lung lavage was done after orotracheal intubation by our recently described non-traumatic technique (Blouin & Cormier, 1987) . Our data show that this method is feasible and allows repeated sampling of large quantities of bronchoalveolar cells from the same animal.
Materials and methods Eight Hartley male guineapigs (Charles River
Canada, St Constant, Quebec, Canada), weighing 450-600 g, were used. Each animal was housed separately in a stainless steel cage under an open system in a room with 9 air changes/hour. A day and night cycle was provided with artificial light turned on at 0600 and off at 1800 h. The bedding consisted of wood shavings. The room temperature was kept at 22-23 DC and the relative humidity at 50-55<'10. The animals were fed daily with 30 to 35 g guineapig chow No. 5025 (Purina Mills, Inc., 8t Louis, Missouri, USA) and tap water ad libitum.
Fasted animals (16 h) were anaesthetized by intramuscular injection of ketamine (45 mg/kg) and xylazine (5 mg/kg). The animal was then positioned dorsal decubitis on a surgery board for small animals and the upper jaw attached to the surface of the board by an elastic band brought over the incisor teeth. The animal was orotracheally intubated with a teflon 14 SWG x 38, 1 mm catheter (Becton Dickinson & Co., Rutherford, New Jersey, USA) under direct laryngoscopic vision (pediatric blade, Wisconsin, size 0; Blouin & Cormier, 1987).
Lavages were done weekly with sterile normal saline at room temperature. For the first 5 weeks, 5 aliquots of 2 ml were used. This part of the experiment was to see if repeated lavage could be done without affecting the number and types of cells recovered by BAL. To compare cell yields with smaller lavage volumes, lungs of the same guineapigs were subsequently lavaged with three aliquots of 1 ml at week 6 and with 3 aliquots of 2 ml at week 7.
The lavages were done as follows: 2-3 s after the endotracheal instillation of either 2 ml or 1 ml normal saline, the fluid was withdrawn by aspiration with a syringe; a light pressure was applied on the trachea to occlude it around the cannula. The procedures required less than 5 min and the cannula was withdrawn immediately after the lavage. The retrieved lavage fluid was placed on ice until centrifugation (350 g, 10 min, 4 DC). The cell pellet was resuspended in Hank's balanced salt solution and total cell counts weJe obtained using a haemocytometer.
Cell viability was measured by counting the percentage of cells which excluded trypan blue dye. Cell differential counts were obtained after cytocentrifugation Tremblay, Gagnon & Cormier (Cytospin; Shandon, Sewickley, Pennsylvania, USA) and Wright-Giemsa staining. One week after these 7 weekly lavages the anaesthetized animals were killed by cutting the vena cava. The chest cavity was opened, the trachea sectioned, and a catheter was inserted. Lavage of this lung preparation was performed as for the in vivo lavages of weeks 1-5; i.e. with 5 aliquots of 2 ml and processed as described above. This final BAL was terminated about 5 min after cutting the vena cava.
Statistical comparisons of the different lavages results were made using ANOV A with repeated measures followed by a Tukey's test, or Friedman's test followed by non-parametric multiple comparisons (Zar, 1984) . Nwas equal to 8 for all variables except for differential counts and viability where it was 7; the number of cells yield was not sufficient to perform differential counts in one guineapig and the determination of viability was omitted for another.
Results

Repeated BAL (5 a/iquots 2-ml, live animals)
The quantity of fluid recovered was similar for these first 5 repeated BAL: (mean ± SEM) 7,98 ±0'19 ml, 7 ,85 ±0·24 ml, 8, 30±0'14 ml, lavages. BAL 1-5, 5 aliquots of 2 ml; BAL 6, 3 aliquots of I ml; BAL 7,3 aliquots of 2 ml; SAL 8,5 aliquots of 2 ml after euthanasia. ·Number of cells/ml is significantly less than for BAL 2 (P<O'Ol) and BAL 3, 5 and 7 (P<O'05) (Tukey's test). number of cells was also similar (Fig. 1) . The cell viability was similar for all groups and always above 93070 (data not shown). The differential counts show no differences between the lavages in regard to the percentage of macrophages, lymphocytes, neutrophils and eosinophils (Fig. 2) .
BAL. The differential counts showed significant differences only with neutrophils, where the percentage was 4 '14 ± 1· 52% and 4, 29 ± 1· 31 % for the lavages with 3 ml and 6 ml, respectively (Fig. 2) . These values were significantly higher than for the lO-mllavage at week 3.
Comparison of repeated BAL with smaller volume of fluid instilled
The quantity of fluid recovered was of 1 . 90 ± 0·13 ml and 4,34 ± O' 21 ml for the lavages with 3 ml and 6 ml, respectively. The number of cells obtained with 3 ml (490 X 10 3 ± 120 x 10 3 cells/ml) was significantly less than for lavages 2, 3 and 5 (10 ml) and for the 6-ml lavage (Fig. I) .
No difference was seen between the number of cells obtained with 6 ml (1010 X 10 3 ± 150 x 10 3 cells/ml) and the other types of lavage. The cell viability was also comparable with the five 10 ml
Comparison of repeated BAL with the sacrificing BAL
The quantity of fluid recovered and the number of cells of the sacrifice BAL were 8· 19 ± O· 22 ml and 870 x 10 3 ± 110 x 10 3 cells/ml. These were not significantly different from the five lO-ml BAL. The cell viability and differential counts were also similar for the two methods.
Discussion
Our technique for intubation and lavage is simple, fast « 5 min), and safe. We had no deaths.
Repeated BAL show that the same animals can be relavaged and similar results obtained when lavaged weekly for 5 consecutive weeks. This is consistent with the observations previously described in humans (Low et al., 1978) , macaques (Kazmierowski et al., 1977; Kastello et al., 1979) and other animals (Pinsker et al., 1980; Chanana et al., 1981; Begin et al., 1985; Carre et al., 1985; Marsh et al., 1985; Bielefeldt Ohmann & Babiuk, 1986; Dersken et al., 1987) . Compared to lavages with smaller volumes of fluid instilled, BAL with 10 ml allowed us to recover a greater number of cells. This approach, accordingly, may be preferable for studies that require large numbers of cells. If only differential counts are intended, BAL with 3 or 6 ml could be sufficient; however, one should be aware that the percentage of neutrophils may be higher with these smaller lavages. Moreover, our technique of BAL with 10ml allowed us to recover as many cells as with the usual sacrificing BAL. A lO-ml volume lavage in 2 ml aliquots was well tolerated. We do not know what would be the maximal tolerable volume. The minimum interval at which these animals could be relavaged with our technique is presently unknown. In other animals it was found that after 24 or 48 h neutrophils transiently increase (Kazmierowski et al., 1977; Bielefeldt Ohmann & Babiuk, 1986 
Laboratory Animal
Science 37, [244] [245] Tremblay, Gagnon & Cormier the repeated BAL in the live animal and after euthanasia. Alveolar macrophages accounted for about 85070 of the total cells, while the eosinophil was the second most frequent cell (see Fig. 2 ). This is similar to previously reported data obtained by lung lavages after death (Maxwell et al., 1964; Sirois & Cadieux, 1986; Bachelet et al., 1988; Dunn et al., 1988) . There are, however, large variations in the lavage cell population reported with the guineapig. Some investigators found larger proportions of eosinophils and neutrophils (Gorenberg & Daniele, 1976; Mauderly, 1977) , while others found 2% or less (Henricks et al" 1988) . These variations probably represent differences in the animals' lung condition rather than technical differences in the lavage procedure.
We did not make cell function studies to verify if cells obtained from live animals behave differently than those obtained from dead animals. Further studies are required to answer this important question. The major advantage of our technique is that it allows repeated recovery of large quantities of viable cells from the same animal.
